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Abstract

Magnetic induction measuring instruments are crucial tools in the field of electromagnetic research,
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widely applied in areas such as physical research, motor manufacturing, and electromagnetic envi-
ronment detection. In recent years, with the advancement of technology, the focus of electromag-
netic field measurement research has shifted towards the precise measurement of three-dimen-
sional dynamic magnetic fields. However, the commonly used magnetic field measuring devices still
face issues such as high cost or low measurement dimensions. This paper proposes a three-dimen-
sional weak magnetic field measurement instrument based on the vector synthesis design method
of single-axis Hall sensors, utilizing the advantages of high sensitivity and small size of Hall sensors
to achieve three-dimensional measurement of the magnetic field to be tested. The instrument uses
a distributed probe to obtain the magnetic field strength components in the x, y, and z directions,
converts them into digital components through an A/D conversion module, and calculates the vec-
tor sum through vector synthesis, which is the size of the three-dimensional magnetic induction
intensity at the measurement point. Meanwhile, Helmholtz coils combined with magnetic shielding
technology are introduced to achieve a controllable local uniform magnetic induction intensity,
serving as the calibration object for measurement data. After rigorous experimental verification,
the relative error of the three-dimensional weak magnetic field measurement instrument for mag-
netic field strength measurement is less than 3.3%, demonstrating high reliability.
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Figure 1. Three-dimensional weak magnetic field measurement flow chart
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Figure 2. Hall effect principle diagram
B 2. ERYMNIFEE

fE LK 2 v, BT iss e 2 BN 2L IWIER, T Y BT ) B s, JHE B TR R AR
R, WE B ML TR RBENIIN, ®I62E0 £, WK, AW RAMHEER £, =—f, , MR FREIA
BN T, XN A, B BT A I T R B, MRV,
WH TR v, W EUR X Wif07Ri83), £/ B PERT, Freiigte 2z in:
f, =—evB (1)
Rl A2 f I E T R 3% )

DOI: 10.12677/jsta.2025.132012 108 IR AR S R


https://doi.org/10.12677/jsta.2025.132012

Sy =—eE, =—e— )
35 BN Z A A
evB = eVTH =V, =vBb 3)

B FWEIRTCIE RN d, TEEN by BT Ry ny W AR B

I, =nevbd =v= L 4
nebv
O ONPITIECE
I B
Vy = : E?‘VH =1BK, (5)
ned

Hrp K, NERITGHIE /R R, RBCE/RUN RSP EESH, AL VIAT)[2].
3.2. ERERSHELXEREE

RGBS R M S YE K, SR EYa N 10-7~10 T, ¥, al LA 10-7T, afH-F
WAS . BRI &Fhar i, el H TS8R REA (3]
ERBRESRRFA SRS, ERRASIERT, R TFakEmE, XM R SEE /Rt
B — AN AR R A s, TR AR (U T AR R R H AR, ANITIAE p il BT Rei &, BIERHE Y, o IR
L BN S G IR N SR B RGIE L, S R u I HR 1 B, FR S E R TT R d U L.
ANFATULR IR AN
V, = Bldn ()

Horb, n RE/RRE, EBRT RO .

Figure 3. Schematic diagram of the magnetic field measured by the Hall chip
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Figure 4. Magnetic field distribution on the axis when d =R
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Figure 5. Three-dimensional vector diagram of the magnetic field in space
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Figure 6. Three-axis magnetic sensor probe
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Figure 7. Measurement demonstration diagram
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Figure 8. Filter circuit measurement demonstration diagram
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Figure 9. Helmholtz coil diagram
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Figure 10. Diagram of the horizontal scale
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Figure 11. Operational schematic of the horizontal scale

11. #RIEREE

5. KRERMIRES

5.1 ZBHFzEREER
BT ZINFE 2L R G IR A e AR, AR 2 = 0 P IE NS H R T, XFHHM 1A
I 2 A, L 0.2 A NP KA FE B K B 22 kAT TAITAE, 19 F0ER 1 RO OCHHE .

DOI: 10.12677/jsta.2025.132012 113 R =% NS IVASE


https://doi.org/10.12677/jsta.2025.132012

Gl

%

R

Table 1. Calibration data for the Helmholtz coil
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Figure 12. Calibration curve of the Helmholtz coil
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Table 2. Magnetic induction intensity at the center point on the axis of the Helmholtz coil
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1.2 0.22 3.52 0.06 3.62 3.53 0.09 2.5%
1.4 0.20 4.11 0.04 4.22 4.12 0.10 2.3%
1.6 0.13 4.76 0.10 4.82 4.76 0.06 1.2%
1.8 0.22 5.33 0.17 5.42 5.34 0.08 1.5%
2.0 0.22 5.98 0.25 6.03 5.99 0.04 0.7%
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Table 3. Magnetic induction intensity on the axis of a single coil
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